VERTICAL DATUM, ACRONYMNS, AND ABBREVIATIONS
Sea Level-In this report, "sea level" refers to the National Geodetic The intermediate aquifer system is an important water source in Sarasota County, Florida, because the quality of water in it is usually better than that in the underlying Upper Floridan aquifer. The intermediate aquifer system consists of a group of up to three waterproducing zones separated by less-permeable units that restrict the vertical movement of ground water between zones. The diverse lithology, that makes up the intermediate aquifer system, reflects the variety of depositional environments that occurred during the late Oligocene and Miocene epochs. Slight changes in the depositional environment resulted in aquifer heterogeneity, creating both localized connection between water-producing zones and abrupt culmination of water-producing zones that are not well documented. Aquifer heterogeneity results in vertical and areal variability in hydraulic and water-quality properties.
The uppermost water-producing zone is designated producing zone 1 but is not extensively used because of its limited production capability and limited areal extent. The second water-producing zone is designated producing zone 2, and most of the domestic-and irrigation-supply wells in the area are open to this zone. Additionally, producing zone 2 is utilized for public supply in southern coastal areas of Sarasota County. Producing zone 3 is the lowermost and most productive water-producing zone in the intermediate aquifer system. Public-supply well fields serving the cities of Sarasota and Venice, as well as the Plantation and Mabry Carlton Reserve well fields, utilize producing zone 3.
Heads within the intermediate aquifer system generally increase with aquifer depth. However, localized head-gradient reversals occur in the study area, coinciding with sites of intense ground-water withdrawals. Heads in producing zones 1, 2, and 3 range from 1 to 23, 0.2 to 34, and 7 to 42 feet above sea level, respectively. Generally, an upward head gradient exists between producing zones 3 and 2. However, an upward head gradient between producing zones 2 and 1 does not consistently occur throughout Sarasota County, probably the result of greater ground-water withdrawals from producing zone 2 than from producing zone 1.
The transmissivity of the intermediate aquifer system is spatially variable. Specific-capacity data from selected wells penetrating producing zones 2 and 3, were used to estimate transmissivity. Estimated transmissivity values for producing zones 2 and 3 range from about 100 to 26,000 feet squared per day and from about 1,300 to 6,200 feet squared per day, respectively. Because the capacity of specific water-producing zones is highly variable from site to site, estimating the performance of a specific water-producing zone as a water resource is difficult.
Water samples collected during the study were analyzed for major-ion concentrations. Generally, bicarbonate type water from rock interaction occurs in northern Sarasota County; enriched calcium-magnesium-sulfate type water from deeper aquifers occurs in central Sarasota County; and sodium-chloride type water from saltwater mixing occurs in southern Sarasota County. In some areas of northern Sarasota County, the major-ion concentrations in water are lower in producing zone 2 than in producing zone 1. Majorion concentrations in water are higher in producing zone 3 throughout the study area.
A major objective of the study was to evaluate hydraulic and water-quality data to determine distinctions that could be used to characterize a particular producing zone. However, data indicate that both hydraulic and water-quality properties are highly variable within and between zones, and are more related to the degree of connection between and areal extent of water-producing zones than to aquifer depth and distance from the coast.
INTRODUCTION
Demand for potable water continues to increase in Sarasota County. Total withdrawals for public supply are projected to increase from about 29 Mgal/d in 1990 to about 63 Mgal/d by 2020 (Southwest Florida Water Management District, 1992) . The area depends primarily on ground water pumped from three aquifer systems. The surficial aquifer system and intermediate aquifer system overlie the Floridan aquifer system and are the principal sources of potable ground water in much of Sarasota County. The Floridan aquifer system is used less because it contains water too mineralized for most uses. As the demand for water in Sarasota County increases, more information is needed to efficiently develop and manage the intermediate aquifer system as a water-supply source. A better understanding of the vertical and areal variability in hydraulic and water-quality properties of the intermediate aquifer system is essential, particularly because heavy pumping could induce mixing of ground water with differing water quality.
In 1995, the U.S. Geological Survey (USGS), in cooperation with Sarasota County, began a study to describe the hydraulic and water-quality properties and variations among the different water-producing zones of the intermediate aquifer system underlying Sarasota County ( fig. 1 ). The study area encompasses 572 mi 2 and includes all of Sarasota County and four well sites just outside of the county boundary. For the purposes of this report, the designation "Sarasota County" includes the four additional well sites just outside of the Sarasota County boundary in Charlotte and Manatee Counties. 
Purpose and Scope
This report describes the hydrogeologic framework and hydrologic (hydraulic and chemical) properties of the water-producing zones in the intermediate aquifer system underlying Sarasota County. The hydrologic properties of individual water-producing zones within the intermediate aquifer system were assessed using water-level, specific-capacity, and water-quality data collected from wells open to a single water-producing zone. Specific objectives of this report are:
1. Describe the hydrogeologic framework and hydraulic properties of the intermediate aquifer system. 2. Describe the areal and vertical distribution of water quality. 3. Evaluate hydraulic and water-quality data for distinctions that could be used to characterize a particular water-producing zone.
Information presented in this report was obtained from data collected by the USGS during this investigation and from published USGS and Southwest Florida Water Management District (SWFWMD) reports. Data include lithologic and geophysical logs, water samples, and specific-capacity data from 31 existing and 26 new supply wells.
Description of the Study Area
The study area includes all of Sarasota County, one well site in Charlotte County, and three well sites in Manatee County. Coastal areas are characterized by high-density residential, recreational, and commercial development, whereas inland areas are characterized by mostly agricultural land use. The study area lies in the Florida central or midpeninsular physiographic zone described by White (1970) . Subdivisions of this zone include the Gulf Coastal Lowlands, the Gulf Coastal Lagoons and Barrier Chain, and the Desoto Plain (White, 1970) . Land-surface altitudes range from sea level along the coast to over 100 ft in northeastern Sarasota County. The topography of the study area is characterized by broad flatlands with many sloughs and swamps in lowland areas (Wolansky, 1983) , gradually sloping scarps and terraces created by various Pleistocene sea-level stands in coastal areas (Broska and Knochenmus, 1996) , and dry upland areas made up of palustrine forest, scrub-shrub, or palustrine emergent wetlands in inland areas (U.S. Fish and Wildlife Service, 1985) .
Methods Used to Obtain Hydraulic and WaterQuality Data
Hydraulic data were collected following the guidelines presented in Bentall (1963) . Data were collected from 57 wells (31 existing and 26 new). Existing monitor wells were used for analysis if they were open to discrete water-producing zones. New supply wells were constructed by others during the study. The new wells were sampled during drilling (test wells) and after completion (supply wells). In this report, the following terminology is used to differentiate wells: test well-uncompleted private supply well drilled during the study; supply well-completed private supply well drilled during the study; existing well-monitor well drilled prior to the study.
The types of data collected include geophysical logs, water levels, and water quality. Geophysical logs including, but not limited to, caliper, electric, and natural-gamma ray logs were collected using the Tampa USGS analog borehole-geophysical logger. Standard USGS protocols were used for water-quality sampling (Wood, 1976) . Temperature and specific conductance were measured and water samples were collected after field parameters stabilized and a sufficient volume was evacuated from the well. Wells were evacuated and sampled using a submersible pump or were allowed to flow naturally. Water levels were measured using a calibrated steel tape or pressure gage.
Twenty-six supply wells were drilled by others during the study using a cable-tool rig. Water levels and water samples were collected during the drilling process whenever a water-producing zone was intercepted by the test well. After data and sample collection, the test well was deepened into the underlying less-permeable unit and the casing was pounded into this lithologic sequence. Placement of the casing effectively sealed off the overlying water-producing zone. Drilling then continued until the next waterproducing zone was intercepted. After reaching the targeted water-producing zone, the casing was grouted. Geophysical logs, water levels, and water samples were collected from the supply well as described above. Specific-capacity tests were conducted during well development and the data were used to estimate aquifer transmissivity.
The well sites used for data collection are shown in figure 2 and well information is listed in table 1. The table includes well names, land-surface elevations, and completion information. The well location number is a 15-digit number that reflects the location of the well based on latitude (6 digits), longitude (7 digits) , and a sequential number (2 digits). Well clusters (wells with the same latitude and longitude) and test wells (well construction prior to well completion) are identified by a single well location number in the figures and tables.
HYDROGEOLOGIC FRAMEWORK AND HYDRAULIC PROPERTIES
The hydrogeologic framework of the study area is composed of Tertiary-and Quaternary-aged sediments and sedimentary rocks that make up the surficial aquifer system, intermediate aquifer system, and Floridan aquifer system. Each of these aquifer systems contains one or more water-producing zones separated by less-permeable units. The intermediate aquifer system includes all rock units that lie between the overlying surficial aquifer system and the underlying Upper Floridan aquifer of the Floridan aquifer system and generally corresponds to the lithostratigraphic unit designated as the Hawthorn Group ( fig. 3) Sutcliffe, 1975; Sutcliffe and Joyner, 1976; Wolansky, 1983; Duerr and Wolansky, 1986; Barr, 1996; and Broska and Knochenmus, 1996.) 
Water-Producing Zones
The intermediate aquifer system consists of (1) a sandy clay to clayey sand confining unit directly overlying the Upper Floridan aquifer; (2) a group of up to three water-producing zones composed primarily of sand and carbonate rocks; and (3) a sandy clay, clay, and marl confining unit that separates the waterproducing zones from the overlying surficial aquifer system. The three water-producing zones are separated by less-permeable units that restrict the vertical movement of ground water between zones. Identification of the water-producing zones is based on their stratigraphic position and lithology, and on an increase in productivity, change in water levels, and change in chemical quality of the water produced from them. Figure 3 shows a correlation between the hydrogeologic-unit names used in this report and those used in previous reports.
The uppermost water-producing zone (PZ1) coincides with the undifferentiated clastics and limestones that make up the upper part of the Tamiami Formation in Sarasota County, and designated by Sutcliffe (1975) and Joyner and Sutcliffe (1976) as artesian zone 1. PZ1 is less than 80 ft thick and is not continuous throughout the study area. Barr (1996) mapped the extent of this zone based on lithologic descriptions of the Venice Clay. The Venice Clay underlies PZ1 (where it exists) in Sarasota County. PZ1 was not treated as a distinct water-producing zone in reports by Wolansky (1983) , Duerr and Wolansky (1986) , and Broska and Knochenmus (1996) because of its limited production capability and areal extent. Twenty-one wells (6 existing and 15 test wells) open to PZ1 were sampled during the study. The existing wells are located in southern and southwestern Sarasota County where PZ1 is thickest (Barr, 1996, p. 36) . The test wells are areally distributed from north to south, but all of the wells are located west of the Myakka River. Well depths range from 42 to 78 ft. Well locations and numbers are shown in figure 4. After the hydrologic data were collected from PZ1, all of the test wells were deepened and converted to supply wells. None of the new supply wells are currently (1997) open to PZ1. The second water-producing zone (PZ2) coincides with the carbonate rocks that make up the Tamiami-Upper Hawthorn aquifer (Wolansky, 1983; Duerr and Wolansky, 1986) , the Upper Hawthorn permeable zone (Broska and Knochenmus 1996) , and artesian zone 2 (Sutcliffe, 1975; Joyner and Sutcliffe, 1976) . This zone is about 200 ft thick and is continuous throughout the study area. Well depths range from 90 to 280 ft. PZ2 is utilized for public supply in the southern coastal area of Sarasota County. Additionally, PZ2 supplies most of the ground water used for domestic and irrigation purposes in Sarasota County. Wells open to PZ2, that were sampled during this study, are shown in figure 5.
The third and lowermost water-producing zone (PZ3) coincides with the carbonate rocks that make up the Lower Hawthorn-Upper Tampa aquifer (Duerr and Wolansky, 1986) , the Tampa permeable zone (Broska and Knochenmus, 1996) , and artesian zone 3 (Sutcliffe, 1975; Joyner and Sutcliffe, 1976) . PZ3 is a 150-ft thick water-producing zone with well depths ranging from 280 to 437 ft. Typically, PZ3 is the most productive zone in the intermediate aquifer system. Public-supply well fields serving the cities of Sarasota and Venice, as well as the Plantation and Mabry Carlton Reserve well fields, utilize PZ3. Wells open to PZ3, that were sampled during this study, are shown in figure 6. 
Ground-Water Flow
Regional ground-water flow in the intermediate aquifer system is generally west or southwest toward the Gulf of Mexico ( fig. 7) . Ground-water inflow to the intermediate aquifer system occurs as upward leakage from the underlying Upper Floridan aquifer and as lateral flow from adjacent inland areas (Broska and Knochenmus, 1996, p. 49; Metz and Brendle, 1996, p. 9) . Little, if any, ground water enters the intermediate aquifer system from the surficial aquifer system. Upward flow within and between aquifers may be enhanced by preferential flow through deep fractures or faults.
An upward head gradient exists between the Upper Floridan aquifer and the intermediate aquifer system throughout most of Sarasota County (Metz and Brendle, 1996, p. 9 and 11) . Lateral facies changes within the intermediate aquifer system result in localized good hydraulic connections between the intermediate aquifer system and the Upper Floridan aquifer. Water-level data for wells finished at discrete depths are presented for two sites in the Mabry Carlton Reserve well field ( fig. 8 ). At these sites (CW-6 and CW-7), an upward head gradient occurs between the Upper Floridan aquifer and the intermediate aquifer system, and between the intermediate aquifer system and the surficial aquifer system. One notable The altitude of the composite potentiometric surface of the intermediate aquifer system in the study area ranges from about 5 ft to more than 40 ft above sea level (Metz and others, 1996) . Heads generally increase with aquifer depth; however, localized headgradient reversals occur in the study area, coinciding with sites of intense ground-water withdrawals. Relatively large water-level differences (ranging from 5-10 ft) between water-producing zones indicate hydraulic separation of the zones; however, waterlevel trends are similar between the producing zones, indicating that the aquifers are interconnected or affected by the same stresses (Hutchinson, 1992) .
Water-level data from wells penetrating the three water-producing zones in the intermediate aquifer system are shown in figures 9-11. Generally, water levels increase inland. Water levels in wells open to PZ1, PZ2, and PZ3 range from 1 to 23 ft, from 0.2 to 34 ft, and from 7 to 42 ft above sea level, respectively. These water levels were not contoured because the data were not collected synoptically. An upward head gradient exists between the Upper Floridan aquifer and the intermediate aquifer system and between the intermediate aquifer system and the surficial aquifer system. Within the intermediate aquifer system, an upward head gradient exists between PZ3 and PZ2; however, an upward head gradient between PZ2 and PZ1 does not occur consistently throughout Sarasota County ( fig. 12) . A downward head gradient exists between PZ1 and PZ2 in the vicinity of the City of Sarasota downtown and the Englewood well fields. These gradients are probably due to ground-water withdrawals from PZ2, resulting in the lowering of water levels in PZ2. The direction and magnitude of the head gradients among the water-producing zones within the intermediate aquifer system are shown in figure 13 .
Hydrographs of USGS ground-water data-network sites that are open to a discrete water-producing zone in the intermediate aquifer system are indicative of spatially varying temporal changes (or lack thereof) within the intermediate aquifer system (fig. 14) . Water-level hydrographs from the three coastal wells show long-term head declines. The ROMP TR6-1 and Manasota 14 wells are open to PZ3 and the Osprey 9 well is open to PZ2, indicating that in coastal areas both PZ2 and PZ3 may be experiencing head declines. The declines are likely the result of increased groundwater pumpage due to population growth and urban development along the coast. Water-level hydrographs from Mabry Carlton 6 (PZ3 monitor) and Big Slough (PZ2 monitor) wells do not indicate declines. The water-level hydrograph from the KME 14A well (PZ2 monitor) indicates an increase in head. The water-level rise at the KME 14A well (located at the Verna well field water plant) is probably the result of reduced pumping (3 Bgal/yr in 1980 compared to 1.5 Bgal/yr in 1994) from the Verna well field.
Estimates of Transmissivity
The transmissivity values for the intermediate aquifer system vary spatially in the study area. This variability is the result of lithologic heterogeneity and solution conduit development within carbonate units rather than the result of aquifer thickness. Transmissivity values for the intermediate aquifer system, reported from aquifer tests, range from less than 100 to 13,000 ft 2 /d (Ryder, 1982) . Transmissivities determined from aquifer tests for the intermediate aquifer system vary widely because: (1) some wells intersect locally occurring solution conduits whereas others do not, (2) older wells may have corroded casings or collapses within the open borehole affecting the well efficiency, and (3) the hydrogeologic framework (the presence of karst features) makes the application of standard methods of aquifer-test analysis uncertain. Results of aquifer tests for specific water-producing zones are: Zone 1-T = 1,100 to 8,000 ft 2 /d (Barr, 1996, p. 12) 8,000 ft 2 /d (Duerr and others, 1988, p. 21) Zone 2-T = 200 to 5,000 ft 2 /d (Barr, 1996, p. 12) 740 and 2,400 ft 2 /d (Duerr and others, 1988, p. 21) 500 to 3,500 ft 2 /d (Wolansky, 1983) Zone 3-T = 5,600 to 15,400 ft 2 /d (Barr, 1996, p. 12) 500 to 10,000 ft 2 /d (Wolansky, 1983) Table 2 lists reported transmissivity values compiled by SWFWMD (1994) from aquifer tests.
As part of this study, specific-capacity tests were conducted whenever possible. Transmissivity values in gallons per day per foot were estimated using the equation (Driscoll, 1986 (Driscoll, , p. 1021 :
(1) where, T is transmissivity, in gallons per day per foot; Q/s is specific capacity, in gallons per minute per foot; and 2,000 is a constant for unit conversion.
The transmissivity values computed from Driscoll's equation were converted to consistent units of feet squared per day. 
EXPLANATION
Estimated values of transmissivity from 18 specific-capacity tests range from about 100 to 26,000 ft 2 /d for PZ2. The lowest and highest values are from wells in close proximity ( fig. 15) . Estimated values of transmissivity from four specific-capacity tests range from about 1,300 to 6,200 ft 2 /d for PZ3 (fig. 15) . Results indicate that productivity of specific water-producing zones within the intermediate aquifer system is highly variable from site to site. The estimated transmissivity range from data collected during this study is an order of magnitude less than published values from previous studies. This variability could be a result of well losses, aquifer heterogeneity, and well penetration depths. Locations of fractures and solution-enhanced conduits create contrasts in hydraulic properties arising from the differences between wells penetrating zones of numerous, open, well-connected fractures and wells penetrating zones of sparse, tight, poorly connected fractures. 
WATER QUALITY
The intermediate aquifer system is an important water source in the study area, because the water is less mineralized than that in the underlying Upper Floridan aquifer. Thus, many private and publicsupply wells are completed in the intermediate aquifer system. Irrigation and public-supply wells are commonly open to both the intermediate aquifer system and the Upper Floridan aquifer, to optimize well yields (Broska and Knochenmus, 1996) . However, this practice is not encouraged, because more mineralized water from the Upper Floridan aquifer can move up the borehole, thereby degrading the water quality of the intermediate aquifer system (Metz and Brendle, 1996) . Near the coast, the intermediate aquifer system has been developed as a public supply for coastal communities such as Sarasota, Venice, and Englewood.
Mineralized water pumped from deeper water-producing zones in the intermediate aquifer system is treated by reverse-osmosis (Wolansky, 1983; Broska and Knochenmus, 1996) .
The chemical composition of water in the intermediate aquifer system is controlled by differences in the composition and solubility of aquifer material and by the quality of water entering the intermediate aquifer system from other aquifers. Three types of ground water occur in the study area (Sacks and Tihansky, 1996) . The first type generally occurs in inland areas and ranges in composition from bicarbonate to mixedion type water. Bicarbonate water is the typical composition of ground water in the intermediate aquifer system and the Upper Floridan aquifer. Mixed-ion type water contains elevated sodium and chloride concentrations and could be the result of evaporative concentration prior to recharge. Much of the land surface in areas where chloride concentrations are elevated, such as in southeastern Sarasota County, has standing water during the rainy season because of poorly drained soils and low topographic relief (Sacks and Tihansky, 1996, p. 33) . This water evaporates during drier periods, increasing the ion content of the water. The second ground-water type is enriched in calcium, magnesium, and sulfate and is very similar in composition to the dedolomitization waters from the Upper Floridan aquifer. Generally, these waters are in coastal Sarasota County where water discharges from the Upper Floridan aquifer, but also may occur in isolated inland locations. The third ground-water type, dominated by sodium and chloride, occurs in southwestern Sarasota and northwestern Charlotte Counties. Here, elevated chloride concentrations are probably the result of mixing with unflushed relict water from previous seawater inundations ( Sacks and Tihansky, 1996, p. 34) .
Water samples were collected from existing wells and wells drilled during this study. Field specific-conductance values are listed in table 3. Major-ion concentrations are listed in the appendix. The samples were analyzed for major-ion concentrations and the concentrations, converted to milliequivalents per liter, were plotted as Stiff diagrams. Stiff diagrams have three parallel horizontal axes extending on each side of a vertical zero axis ( fig. 16 ). The concentrations of three cations (sodium and potassium, Na+K; calcium, Ca; and magnesium, Mg) are plotted one on each axis to the left of zero. The concentrations of three anions (chloride, Cl; bicarbonate, HCO 3 ; and sulfate, SO 4 ) are plotted one on each axis to the right of zero. The resulting six points are connected to give (Hem, 1985) Sodium + Potassium Calcium Sulfate Magnesium Chloride Bicarbonate + Carbonate a polygon shape. Comparing shapes of the Stiff diagrams can be used to show water-composition differences. For example, a "diamond" shape indicates calcium bicarbonate type water; an "arrow" or "bowtie" shape indicates mixed-ion type water; and a "T" shape indicates sodium-chloride type water ( fig. 16) . The width or size of the diagram is an approximate indication of total ionic content (Hem, 1985, p. 175) . Stiff diagrams can be used to indicate the areal distribution of water types and relative concentrations of ions in the ground water throughout the study area.
Multiple water types occur in PZ1 ( fig. 17 ). Bicarbonate and mixed-ion type water occurs in inland areas of northern Sarasota County, (wells, 6, 7, 9, 10, 15, 16, 17, 19, and 23) and in wells 45 and 47 in southern Sarasota County. Along the Gulf Coast, the water types range from low ionic-strength bicarbonate (wells, 24, 26, and 38) to an enriched calcium-magnesium-sulfate type water caused by upwelling from deeper water-producing zones (wells 31 and 33) to a sodium-chloride type water characteristic of saltwater mixing (wells 12, 20, 48, and 49) . The specific conductance ranged from 396 to 2,880 µS/cm.
Multiple water types also occur in PZ2 (fig. 18 ). Bicarbonate and mixed-ion type water occurs in PZ2 in most of northern Sarasota County, including the coastal area (wells 2-8, 10-13, 15-18, 20, 21, and 24) , and in wells 32 and 35 in central Sarasota County. Enriched calcium-magnesium-sulfate type water occurs in central Sarasota County (wells 28, 31, and 37-41). Sodium-chloride type water occurs in PZ2 throughout the southern and southeastern parts of Sarasota County (wells 42-44, 47, and 50).
Generally, major-ion concentrations in water from wells open to PZ2 in central and southern Sarasota County are greater than water from wells penetrating PZ1; however, Stiff diagram sizes indicate that water is less mineralized in PZ2 than in PZ1 in the northern coastal wells 12 and 20 and north-central wells 6, 10, and 17. Specific conductance ranged from 400 to 4,720 µS/cm.
Although fewer wells are completed in PZ3, multiple water types also occur in PZ3 (fig. 19) There is considerable variability in the majorion composition of ground water from the water-producing zones within the intermediate aquifer system. A distinct geochemical signature for characterizing individual water-producing zones is not apparent. This is probably related to the heterogeneous lithology of the Hawthorn Group whose beds make up the intermediate aquifer system, the lack of continuity of the water-producing zones, and the water quality of the overlying surficial aquifer system and underlying Upper Floridan aquifer. (Hem, 1985) Sodium + Potassium Calcium Sulfate Magnesium Chloride Bicarbonate + Carbonate
SUMMARY
The intermediate aquifer system, underlying Sarasota County, consists of a group of up to three water-producing zones. These zones are separated by less-permeable units that restrict the vertical movement of ground water between zones. However, discontinuities in the less-permeable units result in localized connection between water-producing zones. This report describes the variability in transmissivity and water quality among these three water-producing zones. The properties were assessed using water-level, specific-capacity, and water-quality data from 31 existing wells and 26 new supply wells. Data were evaluated for distinctions that could be used to characterize a particular producing zone.
The intermediate aquifer system is an important water source in the study area, because the water quality is usually better than that in the underlying Upper Floridan aquifer. Thus, many private and publicsupply wells are completed in the intermediate aquifer system. The uppermost water-producing zone is designated PZ1, although it is not continuous throughout the study area. This discontinuous water-producing zone is less than 80 ft thick, and is not extensively used because of its limited production capability. The underlying water-producing zone is designated PZ2 and is continuous throughout the study area. Most of the domestic-supply wells are open to this zone. Additionally, it is utilized for public supply in southern coastal areas of Sarasota County. The third and lowermost water-producing zone is designated PZ3. (Hem, 1985 However, localized head-gradient reversals occur in the study area coincident with localized, intense ground-water withdrawals. Water levels in PZ1 range from 1 to 23 ft, in PZ2 from 0.2 to 34 ft, and in PZ3 from 7 to 42 ft above sea level, respectively. Generally, an upward head gradient exists between PZ3 and PZ2. However, an upward head gradient between PZ2 and PZ1 does not consistently occur throughout Sarasota County. This is probably the result of high water pumpage from PZ2, resulting in the lowering of water levels in PZ2.
Water-level hydrographs from wells indicate that long-term water levels in wells along coastal Sarasota County have declined, in central Sarasota County they have not changed, and in the vicinity of Verna well field they have risen. The water-level declines are probably the result of increased pumpage due to population growth and urban development along the coast. The water-level rises are probably the result of reduced pumpage from the Verna well field.
The transmissivity of the intermediate aquifer system is spatially variable. This variability is probably due to lithologic heterogeneity and solution development within the aquifer. Specific-capacity data from PZ2 and PZ3 were used to estimate transmissivity. The estimated transmissivity values for PZ2 and PZ3 ranged from 100 to 26,000 ft 2 /d and from 1,300 to 6,200 ft 2 /d, respectively. Results indicate that productivity of specific water-producing zones within the intermediate aquifer system is highly variable from site to site. Additionally, the transmissivity range estimated from data collected during this study is an order of magnitude less than published values from previous studies. Therefore, it appears that productivity is not readily predictable for individual wells in the study area. Well productivity is related to the uneven distribution of fractures and solution-enhanced conduits; locations of fractures and solution-enhanced conduits create contrasts in transmissivity arising from the differences between wells penetrating zones of numerous, open, well-connected fractures and wells penetrating zones of sparse, tight, poorly connected fractures.
The chemical composition of water in the intermediate aquifer system is controlled by differences in the composition and solubility of aquifer material and by the quality of water entering the intermediate aquifer system from other aquifers. The water samples were analyzed for major-ion concentrations and the data were used to construct Stiff diagrams. Multiple water types occur in each of the water-producing zones. Bicarbonate type water from rock interaction occurs in northern Sarasota County; enriched calciummagnesium-sulfate type water from deeper aquifers occurs in central Sarasota County; and sodiumchloride type water from saltwater mixing occurs in southern Sarasota County. In some areas of northern Sarasota County the water is less mineralized in PZ2 than in PZ1. Water is more mineralized in PZ3 than in the other two zones throughout the study area. A distinct geochemical signature for characterizing individual water-producing zones is not apparent. Evaluation of data indicates that both transmissivity and waterquality properties of individual zones are related more to the degree of interconnection between, and the areal extent of, water-producing zones than to aquifer depth and distance from the coast.
